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Visceral aneurysms represent a rare clinical entity;
however, 10-20% will rupture and this is accompanied
by a significant mortality rate of 20-70%, depending
on the location of the aneurysm. The incidence,
pathogenesis and clinical aspects of splanchnic and
renal artery aneurysms are reviewed from the
available literature and the problems of diagnosis
and treatment are discussed. Their incidence is
increasing and controversy still exists regarding
their treatment. The decision for intervention has to
take into account the size and the natural history of
the lesion, the risk of rupture, which is high during
pregnancy, and the relative risk of surgical or

radiological intervention. For most asymptomatic
aneurysms, expectant treatment is acceptable. For
large, symptomatic or aneurysms with a high risk of
rupture, surgery is advisable. An alternative treat-
ment is the use of endovascular techniques, ie
embolisation, or graft stent insertion.

Aneurysms of the visceral arteries are a rarity, which most
doctors will never encounter. Their prevalence is
estimated to be around 1% of the population (1-6).
However, with the advent of computed tomography and
arteriography, the incidental finding of visceral aneurysms
has increased. More than 3000 cases were reported in the
literature up to 1992 (3) with a further 213 aneurysms
since then (103 splenic, 70 renal, 15 of the coeliac axis and
its branches, 13 of the superior mesenteric and 3 of the
inferior mesenteric artery), an average of 70 splanchnic
aneurysms per year. Most visceral aneurysms are

asymptomatic; however, they may present as life-
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threatening intra-abdominal apoplexy. Despite their
rarity, they represent a serious vascular condition, as
about 25% will rupture (3,4); if they do, the mortality
varies from 25% to 70%, according to their location,
corresponding to a total mortality of 8-10% for the total
number of splanchnic aneurysms (1-7).

Incidence

The incidence in post-mortem reports varies, from
0.098% (4) to 10.4% (8), but on average is 1% (1-3).
Splenic artery aneurysms are second in frequency to
aneurysms of the aortoiliac segment in the abdomen.
About 60% of the splanchnic aneurysms involve the
splenic artery (1-6,8,9), 20% the hepatic (10-12), 5% the
superior mesenteric artery (1-4,13-19), 4% the smaller
branches of the coeliac artery (gastric, pancreatoduodenal,
gastroepiploic (3,4,6,20-25), and another 4% the coeliac
artery (1,6,12). Jejunal, ileal and colic arteries represent
3% of the total number (1-6,26-31).

Renal artery aneurysms are usually described separ-
ately, as they show a slightly different natural history,
with a significantly lower risk of rupture and considerably
lower mortality rates. They are strongly associated with
hypertension. The incidence of true renal aneurysms,
excluding microaneurysms and dissections, is approxi-
mately 0.1% (32-36). In a review of 10 000 aortograms,
the prevalence was 0.3% (34), while in 8525 renal
angiograms only 83 (0.1%) aneurysms were reported
(36).

Splenic artery aneurysms are four times more common
in women (4-6,8,9), while hepatic artery aneurysms are
more common in men (ratio 2:1) (10,11,37-39); gastric,
gastroepiploic and pancreatoduodenal artery aneurysms
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are 3-4 times more common in men (1,3,6,21), while
renal artery aneurysms have an equal incidence in men
and women (3,32-36).

Aetiology

The cause of visceral aneurysms is controversial.
Although atherosclerosis is frequently cited as the most
common cause, Stanley and Fry (5) proposed that the
typical calcific atherosclerotic changes in many of these
aneurysms is more likely to be a secondary event rather
than the primary aetiological process.
The majority probably result from an abnormality in

the medial arterial wall, which may be congenital in
origin, and this is further stressed by various acquired
factors. Another cause is the presence of inflammation
either in the arterial walls, eg polyarteritis nodosa, other
vasculitis (40-43) mycotic aneurysms secondary to
infective endocarditis (13,19), or the adjacent tissues, eg
pancreatitis (22,24,25,44,45), which erode into the artery,
forming a false aneurysm. Recently, there is an increased
recognition of aneurysms of the splenic and coeliac artery
branches after liver transplantation (46,47). Trauma,
although reported, is probably a rare cause (13,48).

Splenic artery aneurysms

The most common factors are increased splenic blood flow
and the increased activity ofoestrogens which seem to have
an adverse effect on the elastic fibres of the vascular wall
(23,49). Of women with splenic aneurysms, 40% are
multiparous (1-5,50-52) and 10% of patients with portal
hypertension and cirrhosis harbour splenic artery
aneurysms (3,5,9,49,53). Fibrodysplasia is also a common
factor, as 2% of patients with renal fibrodysplasia present
with splenic aneurysms (3). Pancreatitis, vasculitis and
trauma represent less common causes (1-6).

Hepatic artery aneurysms

There is no uniform cause and their aetiology and
pathogenesis is poorly defined. Polyarteritis nodosa is
associated (41,42), but neither vasculitic nor iatrogenic
false aneurysms after biliary tract procedures are common
(3,5,12). Atherosclerosis is more likely a secondary event,
while the incidence of traumatic and mycotic aneurysms
seems to be increasing (10-12,54).

Superior mesenteric artery

Most of them are mycotic, secondary to bacterial
endocarditis or drug abuse (7,13,14). Medial degenera-
tion (1,17), trauma (1-3), and Bechet's disease (15,16)
have also been reported.

Coeliac artery, gastric and gastroepiploic artery
aneurysms

These are usually attributed to infection or medial wall
degeneration (7). Vasculitis (7,42) and infective endo-
carditis (18) have also been reported.

Intestinal branch arteries (jejunal, ileal, colic)

They are secondary either to septic emboli (infective
endocarditis) or polyarteritis nodosa and other connective
tissue disorders (18,53,55).

Inferior mesenteric artery aneurysms

These are so rare that no speculation can be made about
their aetiology (56,57).

Pancreatoduodenal and gastroduodenal arteries

The most common cause (60%) is pancreatitis with
erosion of a pseudocyst into the vessel (6,21-24,45)

Renal artery aneurysms

They are usually attributed to medial degeneration and
fibrodysplasia (32,58,59) as the most common histo-
pathological finding is fragmentation of the internal elastic
lamina. Hypertension may also contribute to some degree
(3,36). Atherosclerotic lesions are usually present;
however, the lack of similar findings in the adjacent
vessels suggests that atherosclerosis is not a causative
process (32). Neurofibromatosis has also been associated
with multiple aneurysms of the branches of the renal
arteries (60-62). Aneurysms secondary to arteritis are
extremely rare (43).

Natural history and diagnosis

The majority of visceral aneurysms are asymptomatic (1-
6) with the exception of gastric (7) pancreatoduodenal
(22,26) and superior mesenteric artery aneurysms (13-
18,26,63,64). Renal artery aneurysms are associated with
hypertension (32,34,58,59,65,66), but it is not certain if
they are a cause or an effect of hypertension.
About 60% of visceral aneurysms are discovered

incidentally, through plain radiographs, angiography or
computed tomography undertaken for some other reason
(34,67). Of the remainder, 20% become symptomatic and
another 20% present as acute rupture (1-6), particularly
during pregnancy (3,26,68,69).

Splenic artery aneurysms (Figs 1-3)

Most are saccular, less than 2 cm in diameter (80%) (1-7,
70) and occur where the artery branches (1,3,5,6), while
those associated with pancreatitis involve the main trunk
of the vessel (44,45,71). The majority are asymptomatic
and left quadrant pain occurs in only a minority. Rupture
occurs in about 2% of asymptomatic patients (3,5,9,26).
Bleeding is first contained in the lesser sac and is
accompanied by epigastric pain; as blood passes through
the foramen of Winslow and enters the right paracolic
gutter, the pain moves to the right upper and lower
quadrants; eventually, vascular collapse follows intraperi-
toneal haemorrhage. This is called the double rupture
phenomenon (3). The risk of rupture is higher in liver
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Figure 1. Plain radiograph showing the typical signet ring
calcification of a splenic artery aneurysm.

transplant recipients (47), pregnant women (1-7,
50,51,68,72) and large aneurysms (2,69); however, most
splenic aneurysms during pregnancy do not rupture
(1,9,68). The overall risk of rupture is about 20%
(3,52,68). Mortality after rupture reaches 25% (1-7);
during pregnancy, matemal mortality is 70% and fetal
mortality is 75-90% (1,3,27,28,68). Only 12 cases with
fetal and matemal survival have been reported after
rupture during pregnancy (72).

In many cases the aneurysm can be evident on a plain
radiograph, with vascular calcification forming a signet
ring appearance (1,3,5) (Fig. 1). The diagnosis may be

Figure 2. Selective coeliac angiogram showing a splenic
artery aneurysm.

Figure 3. CT scan showing a splenic artery aneurysm.

established by angiography (Fig. 2) or computed
tomography (Fig. 3) undertaken for some other reason.

Hepatic artery aneurysms (Figs 4,5)

They are usually solitary, fusiform or saccular and
extrahepatic in about 80% of the cases (3,7,12,41). Very
few are symptomatic (acute epigastric discomfort due to
expansion, similar to the pain of pancreatitis). Occasion-
ally they may cause jaundice (10,37) or haemobilia (11).
Some 20% to 44% present with rupture, in which case
mortality reaches 40% (1-3,5,10-12,37). Rarely they are
discovered by plain radiographs, because calcification is
rare (1). Most are discovered incidentally by angio-
graphy, CT scan (Fig. 4), ultrasound or MRI (38,39).

Superior mesenteric artery aneurysms (Fig. 6)

They are usually situated at the proximal part of the
artery, near the origins of the pancreatoduodenal and
middle colic arteries, so the distal mesenteric circulation is
compromised if thrombosis or dissection of the aneurysm
occurs (1-3,26,62). Rupture is unusual (1,3,19) and they
are more likely to thrombose, therefore intraperitoneal
haemorrhage is usually attributed to intestinal infarction
(1-3,5,13,19). The fact that almost 60% are mycotic
(3,13,19,48,64) contributes to development of symptoms

Figure 4. CT scan showing a huge intrahepatic aneurysm.



Aneurysms of visceral and renal arteries 415

(a) (b)
Figure 5. (a) Selective hepatic angiography for embolisation of the artery from which the aneurysm originates. (b) Result
after embolisation.

in the majority of these aneurysms. Abdominal discomfort
varies from mild to severe pain and is commonly
associated with intestinal angina. Mortality reaches 50%
in cases of rupture or thrombosis (1,26). In non-ruptured
aneurysms the diagnosis can be established by ultrasound,
CT scan or angiography (1-6,27) (Fig. 6).

Coeliac artery aneurysms

These are usually saccular, affecting the distal third of the
vessel. Previously they were symptomatic because the
majority were mycotic (7,19), with an 80% rupture rate
(3,7), however, most recent series report a rupture rate of
13% with a > 50% mortality rate, owing to exsanguinat-
ing haemorrhage (1,6,7,26). The majority are diagnosed

Figure 6. Angiography showing an aneurysm of the

superior mesenteric artery.

as incidental findings during other investigations or at
surgical exploration.

Gastric and gastroepiploic artery aneurysms

Most are solitary and acquired, affecting men, aged over
59 years, three times more often than women (1).
Approximately 90% present with rupture (1-3,26,48)
either into the peritoneum or the stomach (7,20,26),
where the mortality reaches 70% (1,26). Rarely, they may
be incidental findings on CT scan (48,67).

Pancreaticoduodenal and gastroduodenal artery
aneurysms (Fig. 7)

Most of these result from pancreatitis (60%) (21,26,71),
therefore, asymptomatic aneurysms of these arteries are
unusual (1,21-26,45,71). The majority of patients
experience epigastric pain and discomfort, which may be
related to underlying pancreatic disease (21-25). Rupture
may affect 50-75% (21-26,48,71) of these aneurysms
with intraperitoneal bleeding being less common (48,71).
They usually rupture into the stomach (22,45), the bile or
pancreatic ducts (24) or a pseudocyst (25,71). Mortality
from rupture approaches 50% (1-3,45,71).

Mesenteric artery branch aneurysms

Jejunal, ileal, colic and inferior mesenteric artery
aneurysms more often affect elderly patients and may be
multiple in 10% of cases (26,28-31,43). Most of them are
asymptomatic, but may present as either intraperitoneal
or gastrointestinal bleeding (28,30). Mortality during
rupture is approximately 20% (1-6,28). Angiography is
the only means of diagnosis either before (3,28) or after
rupture (31).
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Figure 7. CT scan showing a false aneurysm of the
pancreatoduodenal artery (after pancreatitis).

Renal artery aneurysms (Fig. 8)

Improvement in imaging techniques in the past decade
has led to increased recognition of true aneurysms of the
renal arteries (33-36,58). However, the natural history is
not well known and considerable controversy exists about
their clinical importance (3,32-36,58,73). The right renal
artery is affected more often than the left, which may be
related to the greater incidence of fibrodysplasia on the
right side (32,60,65,66). Most are saccular, located in the
primary or secondary bifurcations in 75% of the cases
(Fig. 8a), while intraparenchymal aneurysms occur in less
than 10% (3,36,65,66). Most are asymptomatic (32-35);
however, the majority of reported aneurysms are related
to hypertension (3,58,74). About 30% develop symptoms
(56), including intractable hypertension, pain from
expansion, haematuria, renal infarct and rupture. In a
recent series (74), 35% were detected during investiga-
tion for renal hypertension, whereas 26% were discovered
incidentally by angiography undertaken for some other
reason. Rupture represents the most serious complication

and has been reported to approach 30% (65); however,
contemporary series show that the risk of rupture is
probably less than 10% (32,33,36,58,74) and is related to
hypertension (75). In five series with a mean follow-up
from 3-10 years, no acute rupture occurred during follow-
up (32,33,36,58,74). Mortality of rupture is also around
10%, but loss of the kidney is almost inevitable (32). As
with splenic aneurysms, rupture during pregnancy is a
life-threatening condition, with matemal mortality
around 50% and fetal mortality of 80% (69,73,76,77).
It has been suggested that asymptomatic aneurysms
smaller than 1.5 cm with circumferential calcification are
unlikely to rupture (32,58,75), while those which are large
and non-calcified, especially when accompanied by
hypertension, are associated with a > 20% risk of rupture
(58,65,75).

Treatment

Treatment options depend on the presence of symptoms,
the relative risk of rupture, the mode of presentation and
the anatomical location of each particular lesion. For most
asymptomatic ones, simple observation usually suffices.
However, for large aneurysms ( > 2 cm in diameter),
perigastric aneurysms and aneurysms in women of
child-bearing age, some form of intervention is neces-
sary. Available treatment methods are embolisation,
ligation of the aneurysm, resection procedures or
endoaneurysmorrhaphy with some form of arterial
reconstruction to establish the continuity of the involved
vessel. For aneurysms presenting with rupture the main
aim is to save the patient by controlling the bleeding and
preventing related complications, such as distal organ
ischaemia.

Splenic artery aneurysms

Large aneurysms and aneurysms recognised during
pregnancy, even though asymptomatic, are a serious risk
and should be treated, as the risk of mortality from

(a) (b)
Figure 8. (a) Renal angiogram in a patient with neurofibromatosis. There are four separate hillar aneurysms. (b) The
specimen after surgical resection (with in situ arterial reconstruction).
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rupture exceeds the perioperative mortality (0.5%) (3).
As most of them are solitary and in the distal third of the
artery, splenectomy is the simplest and safest treatment
option (2,3,52). However, if splenic preservation is
preferred, simple ligation or excision of the aneurysm
may be performed (78). False aneurysms related to
pancreatitis are best treated by aneurysm incision and
ligation of the vessels from within (6,71). When
intervention is necessary in high risk patients, percuta-
neous embolisation of the artery is a reasonable alternative
(2,3,52,79-81). Despite the fact that embolisation carries
less morbidity than surgery and allows preservation of the
spleen and its function, the risk of late rupture or abscess
formation (52,48,71) suggests that it cannot be considered
as the treatment of choice for young patients and those fit
enough to undergo surgery.

Hepatic artery aneurysms

In proximal aneurysms, simple ligation without recon-
struction seems to be adequate in most cases (10). Liver
ischaemia is more likely to occur in aneurysms of the
distal part of the hepatic artery (26). Trial occlusion of
the liver circulation clarifies the need for arterial
reconstruction with the use of a vein graft (2,10,82).
For aneurysms presenting with haemobilia or intrahepatic
aneurysms, liver resection should *be considered, but
percutaneous embolisation (Fig. 5a,b) seems to be the
most appropriate treatment (2,79).

Superior mesenteric artery aneurysms

Simple ligation may be effective in some cases, but
because of the risk of intestinal ischaemia and the
propagation of infection, some form of reconstruction is
usually employed (1-6). This may be aneurysmectomy
with end-to-end anastomosis or aortomesenteric bypass
using autologous vein or artery as the graft material (2,3).

Coeliac artery aneurysms

Surgical treatment is advocated for all coeliac artery
aneurysms if the surgical risk is acceptable (3,7).
However, this could be a complex procedure, occasion-
ally requiring a thoracoabdominal incision, with either
graft interposition after aneurysmectomy or implantation
of the coeliac artery to the aorta. There are reports
showing a > 90% success rate after surgical treatment (7).

Perigastric aneurysms

As most of these. (90%) present as emergencies without
preceding symptoms, treatment is difficult. The cata-
strophic haemorrhage that follows rupture suggests that
surgical treatment should be advocated even in asympto-
matic aneurysms. No vascular reconstruction is necessary;
simple ligation or partial gastrectomy for the intramural
aneurysms is the treatment of choice. Embolisation is an
alternative for high-risk patients (79).

Surgical treatment is also mandatory for all false

aneurysms of the gastroduodenal and pancreaticoduode-
nal arteries after pancreatitis. This is best accomplished
by direct entry into the aneurysm and ligation of the
feeding vessels from within (71). Embolisation may also
be tried (79,80), but the risk of late rupture and abscess
formation is significantly high (3,44).

Jejunal, ileal, colic and inferior mesenteric artery
aneurysms

As the risk of rupture is about 30%, surgical intervention
is recommended. Arterial ligation is usually adequate but,
for intramural aneurysms, excision of the involved
segment of the intestine should be performed. Inferior
mesenteric artery aneurysms can be treated by reimplan-
tation of the artery to the aorta if the collateral circulation
to the left colon is inadequate.

Renal artery aneurysms

Control of hypertension is associated with a lower
incidence of rupture and is essential to all patients (75).
Surgical treatment should be used for all symptomatic
patients. For asymptomatic cases, intervention is recom-
mended for large aneurysms (58), aneurysms that contain
thrombus (3) or those which are associated with renal
artery stenosis (58). Finally, surgery should be under-
taken for aneurysms in women of child-bearing age
(3,73,83). Surgery should remove (Fig. 8b) or exclude
the aneurysm without compromising the kidney (82).
However, in the management of ruptured aneurysms,
nephrectomy is the simplest and safest solution. Ex vivo
repair is a safe technique and gives excellent results in
most series (58,74,84). For aneurysms of the proximal
part of the artery, in situ reconstruction with vein grafts is
the treatment of choice (32). For intraparenchymal
aneurysms, embolisation is probably the best option
(3,79,84). Recently, endovascular techniques with percu-
taneous insertion of graft stents have been employed (85),
but longer follow-up is required to assess the cost:benefit
ratio. However, with refinement of the technique and
increasing experience this promising technique may be
used for all visceral aneurysms in the future.

Outcome

Good results have been reported with elective repair in all
types of visceral aneurysms, with the exception of coeliac,
superior mesenteric and hepatic artery aneurysms, which
require more complex arterial procedures and are
associated with higher mortality and morbidity. Never-
theless, surgical mortality is low, and if the correct
indications for intervention are present, then surgical
mortality is less than the 20-30% mortality associated
with rupture of these visceral aneurysms. For poor-risk
patients or for aneurysms in which arterial ligation would
not compromise the more distal circulation, endovascular
techniques represent a reasonable alternative.



418 Y P Panayiotopoulos et al.

References

1 Bussutil RW, Brin BJ. The diagnosis and management of
visceral artery aneurysms. Surgery 1980; 88: 619-30.

2 Clyne CAC. Operations for splanchnic artery aneurysms. In:
Bell PRF, Jamieson CW, Ruckley CV, eds. Surgical
Management of Vascular Disease. London: WB Saunders,
1992: 883-8.

3 Stanley JC, Messina LM, Zelenock GB. Splanchnic and
renal artery aneurysms. In: Moore WS, ed. Vascular Surgery,
A Comprehensive Review. Philadelphia: WB Saunders, 1993:
435-50.

4 Moore SW, Guida PM, Schumacher H. Splenic artery
aneurysms. Bull Soc Int Chir 1970; 29: 210-18.

5 Stanley JC, Fry WJ. Pathogenesis and clinical significance of
splenic artery aneurysma. Surgery 1974; 76: 889-909.

6 Whitehouse WM, Graham LM, Stanley JC. Aneurysms of
the coeliac, hepatic and splenic arteries. In: Bergan JJ, Yao
JST, eds. Aneurysms, Diagnosis and Treatment. New York:
Grune & Stratton, 1982: 405-19.

7 Graham LM, Stanley JC, WhitehouseWM Jr, Zelenock GB,
Cronenwett JL, Lindenauer SM. Coeliac artery aneurysms:
historical (1745-1949) versus contemporary (1950-1984)
differences in aetiology and clinical importance. J Vasc
Surg 1985; 2: 757-64.

8 Bedford PD, Lodge B. Aneurysms of the splenic artery. Gut
1960; 1: 312.

9 Trastek VF, Pairolero PC, Joyce JW, Hollier LH, Bernatz
PE. Splenic artery aneurysms. Surgery 1982; 91: 694-9.

10 Guida PM, Moore SW. Aneurysm of the hepatic artery.
Report of five cases with a brief review of the previously
reported cases. Surgery 1966; 60: 299-310.

11 Harlaftis NN, Akin JT. Haemobilia from ruptured hepatic
artery aneurysm. Report of a case and review of the literature.
AmJ Surg 1977; 133: 229-32.

12 Jeans PL. Hepatic artery aneurysms and biliary surgery. Two
cases and a literature review. Aust N ZJI Surg 1988; 58: 889-
94.

13 Friedman SG, Pogo GJ, Moccio CG. Mycotic aneurysm of
the superior mesenteric artery. J Vasc Surg 1987; 6: 87-90.

14 Frikha I, Masmoudi S, Turki H, Gdoura M, Sahnoon Y. A
new case of false aneurysm of the superior mesenteric artery.
Ann Cardiol Angeiol (Paris) 1993; 42: 147-50.

15 Men S, Ozmen MN, Balkanci F, Boyacigil S, Akbari H.
Superior mesenteric artery aneurysm in Bechet's disease.
Abdominal Imaging 1994; 19: 333-4.

16 Chubachi A, Saitoh K, Imai H et al. Case report: intestinal
infarction after an aneurysmal occlusion of superior
mesenteric artery in a patient with Bechet's disease. Am J
Med Sci 1993; 306: 376-8.

17 Marzelle J, Gigou F, Cormier F et al. Isolated aneurysm of
the superior mesenteric artery. Dysplasia, a rare cause of
mesenteric ischaemia. Presse Med 1992; 21: 1157-9.

18 Trevisani MF, Ricci MA, Michaels RM, Meyer KK.
Multiple mesenteric aneurysms complicating subacute
bacterial endocarditis. Arch Surg 1987; 122: 823-4.

19 Werner K, Tarashoutchi F, Lunardi W et al. Mycotic
aneurysm of the coeliac trunk and superior mesenteric artery
in a case of infective endocarditis. J Cardiovasc Surg 1991;
32: 380-3.

20 Langlois NE, Miller ID. Intramural gastric haematoma from
an atherosclerotic aneurysm of a gastric artery. Am J
Gastroenterol 1993; 88: 613-14.

21 Gangahar DM, Carveth SW, Reese HE, Buchman RJ,
Breiner MA. True aneurysm of the pancreatoduodenal

artery. A case report and review of the literature. Jf Vasc
Surg 1985; 2: 741-2.

22 Verta MJ Jr, Dean RH, Yao JST, Conn J Jr, Mehn WH,
Bergan JJ. Pancreatoduodenal artery aneurysms. Ann Surg
1977; 186: 111-14.

23 Quandalle P, Chambon JP, Marache P, Saudemont A, Maes
B. Pancreaticoduodenal artery aneurysms associated with
coeliac artery stenosis. Report of two cases and review of the
literature. Ann Vasc Surg 1990; 4: 540-5.

24 Granke K, Hollier LH, Bowen JC. Pancreaticoduodenal
artery aneurysm. Changing patterns. South Med J 1990; 83:
918-21.

25 Pitkaranta P, Haapianinen R, Kivisaari L, Schroeder T.
Diagnostic evaluation and aggressive surgical approach in
bleeding pseudoaneurysms associated with pancreatic pseu-
docysts. Scand J Gastroenterol 1991; 26: 58-64.

26 Stanley JC, Thompson NW, Fry WJ. Splanchnic artery
aneurysms. Arch Surg 1970; 101: 689-97.

27 Verma BS, Bose AK, Bhatia HC, Katoch R. Superior
mesenteric artery branch aneurysm diagnosed by ultra-
sound. Br J Radiol 1991; 64: 169-71.

28 McNamara MF, Griska LB. Superior mesenteric artery
branch aneurysms. Surgery 1980; 88: 625-30.

29 Bleichrodt RP, Smulders TAE, Schreuder F, Tinbergen W,
Muller WFH. Aneurysms of the jejunal artery. Jf Cardiovasc
Surg 1984; 25: 376-7.

30 Diettrich NA, Cacioppo JC, Ying DPW. Massive gastro-
intestinal haemorrhage caused by rupture of a jejunal branch
artery aneurysm. J Vasc Surg 1988; 8: 187-9.

31 Naito A, Toyota N, Ito K. Embolisation of a ruptured
middle colic artery aneurysm. Cardiovasc Intervent Radiol
1995; 18: 56-8.

32 Stanley JC, Rhodes EL, Gewertz BL, Chang CY, Walter JF,
Fry WJ. Renal artery aneurysms. Significance of macro-
aneurysms exclusive of dissections and fibrodysplastic mural
dilatations. Arch Surg 1975; 110: 1327-33.

33 Henriksson C, Lukes P, Nilson AE, Pettersson S. Angio-
graphically discovered, non-operated renal artery aneurysms.
Scand J Urol Nephrol 1984; 18: 59-62.

34 Hageman JH, Smith RF, Szilagyi DE, Elliot JP. Aneurysms
of the renal artery: problems of diagnosis and surgical
management. Surgery 1978; 84: 563-72.

35 Hubert JP Jr, Pairolero PC, Kazmier FJ. Solitary renal
artery aneurysm. Surgery 1980; 88: 557-65.

36 Tham G, Ekelund L, Herrlin Ch, Lindstedt EL, Olin T,
Bergentz SE. Renal artery aneurysms: natural history and
prognosis. Ann Surg 1983; 197: 348-52.

37 Lal RB, Strohl JA, Piazza S, Aslam M, Ball D, Patel K.
Hepatic artery aneurysm. J Cardiovasc Surg 1989; 30: 509-
13.

38 Athey PA, Sax SL, Lamki N, Cadavid G. Sonography in the
diagnosis of hepatic artery aneurysms. AJR 1986; 147: 725-7.

39 Kibbler CC, Cohen DL. Cruicshank JK, Kushwaha SS,
Morgan MY, Dick RD. Use of CAT scanning in the
diagnosis and management of hepatic artery aneurysm. Gut
1985; 26: 752-6.

40 Achar AA, Stanson AW, Johnson CM, Srivatsa SS, Dale
LC, Weyand CM. Rheumatoid vasculitis manifesting as
intra-abdominal haemorrhage. Mayo Clin Proc 1995; 70:
565-9.

41 Parangi 5, Oz MC, Blume RS et al. Hepatobiliary compli-
cations of polyarteritis nodosa. Arch Surg 1991; 126: 909-12.

42 Papalambros E, Felekuras E, Bastounis E, Panayiotopoulos
YP, Balas P. Polyarteritis nodosa: an unusual cause of acute
abdomen. Int Angiol 1989; 8: 229-33.



Aneurysms of visceral and renal arteries 419

43 Smith DL, Wernick R. Spontaneous rupture of a renal artery
aneurysm in polyarteritis nodosa. Critical review of the
literature and report of a case. Am J Med 1989; 87: 464-7.

44 Wagner WH, Cossman DV, Treiman RL, Foran RF, Levin
PM, Cohen JL. Haemosuccus pancreaticus from intraductal
rupture of primary splenic artery aneurysm. J Vasc Surg
1994; 19: 158-64.

45 Stabile BE, Wilson SE, Debas HT. Reduced mortality from
bleeding pseudocysts and pseudoaneurysms caused by
pancreatitis. Arch Surg 1983; 118: 45-51.

46 Ayalon A, Wiesner RH, Perkins JD, Tominaga S, Hayes
DH, Krom RA. Splenic artery aneurysms in liver transplant
patients. Transplantation 1988; 45: 386-9.

47 Bronsther 0, Merhav H, VanThiel D, Starzl TE. Splenic
artery aneurysms occurring in liver transplant recipients.
Transplantation 1991; 52: 723-56.

48 Salam TA, Lumsden AB, Martin LG, Smith RB 3rd.
Nonoperative management of visceral aneurysms and
pseudoaneurysms. Am J Surg 1992; 164: 215-19.

49 Ohta M, Hashizume M, Tanoue K, Kitano S, Sugimachi K,
Yasumori K. Splenic hyperkinetic state and splenic artery
aneurysm in portal hypertension. Hepatogastroenterology
1992; 39: 529-32.

50 English JD. Spontaneous rupture of splenic artery aneurysm
in the third trimester. Ir J Med Sci 1993; 162: 169-70.

51 Holdsworth RJ, Gunn A. Ruptured splenic artery aneurysm
in pregnancy. A review. BrJ Obstet Gynaecol 1992; 99: 595-7.

52 Mattar SG, Lumsden AB. The management of splenic artery
aneurysms: experience with 23 cases. Am J Surg 1995; 169:
580-4.

53 Puttini M, Asenu P, Brambilla G, Belli L. Splenic artery
aneurysms in portal hypertension. Jf Cardiovasc Surg 1982;
23: 490-3.

54 Weaver DH, Flemming RJ, Barnes WA. Aneurysms of the
hepatic artery: the value of arteriography in surgical
management. Surgery 1968; 64: 891-6.

55 Seike FW, Williams GB, Donovan DL, Clarke RE.
Management of intra-abdominal aneurysms associated with
polyarteritis nodosa. Jf Vasc Surg 1986; 4: 294-8.

56 Graham LM, Hay MRR, Cho KJ, Stanley JC. Inferior
mesenteric artery aneurysms. Surgery 1985; 97: 158-63.

57 Yuasa H, Hiraiwa T, Tanaka K, Mizutani I, Yada I,
Kusagawa M. Aneurysm of the inferior mesenteric artery.
Cardiovasc Surg 1993; 1: 143-5.

58 Dzsinich C, Gloviczki P, McKusick MA et al. Surgical
management of renal artery aneurysm. Cardiovasc Surg 1993;
1: 243-7.

59 Lawrie GM, Morris GC Jr, Glaeser DH, Debakey ME.
Renovascular reconstruction: factors affecting long-term
prognosis in 919 patients up to 31 years. Am J Cardiol
1989; 63: 1085-92.

60 Robinson K, Gedroyc W, Reidy J, Saxton HM. Renal artery
stenosis in children. Clin Radiol 1991; 44: 376-82.

61 Faggiolo GL, Gargiulo M, Bertoni F, Tarantini S, Stella A.
Hypertension due to an aneurysm of the left zenal artery in a
patient with neurofibromatosis. Ann Vasc Surg 1992; 6: 456-
9.

62 Sharma AK. Renal artery aneurysm, hypertension and
neurofibromatosis. J R Soc Med 1991; 84: 373-4.

63 Stewart B, Mannell A. Superior mesenteric artery aneur-
ysms: a case report. Aust N ZJy Med 1991; 61: 153-5.

64 Solis MM, Ranval TJ, McFarland DR, Eidt JF. Surgical
treatment of superior mesenteric artery dissecting aneurysm
and simultaneous coeliac compression. Ann Vasc Surg 1993;
7: 457-62.

65 Cerny JC, Chang C, Fry WJ. Renal artery aneurysms. Arch
Surg 1968; 96: 653-63.

66 Bulbul MA, Farrow GA. Renal artery aneurysms. Urology
1992; 40: 124-6.

67 Matano R, Gennaro M, Mohan C, Ascer E. Association of
intraabdominal pathologies and vascular abnormalities with
infrarenal aortic aneurysm: a computed tomography study.
Cardiovasc Surg 1993; 1: 27-9.

68 Barrett JM, Van Hooydonk JE, Boehm FH. Pregnancy
related rupture of arterial aneurysms. Obstet Gynecol Surv
1982; 37: 557-66.

69 Cohen JR, Shamash FS. Ruptured renal artery aneurysms
during pregnancy. J Vasc Surg 1987; 6: 51-9.

70 Long CD, Bakshi KR, Kahn MB, Roberts AB. Giant splenic
artery aneurysm. Ann Vasc Surg 1993; 7: 474-8.

71 Stanley JC, Frey CF, Miller TA, Lindenauer SM, Child CG
III. Major arterial haemorrhage. A complication of pancrea-
tic pseudocysts and chronic pancreatitis. Arch Surg 1983;
118: 45-51.

72 Caillouette JC, Merchant EB. Ruptured splenic artery
aneurysm in pregnancy. Twelfth reported case with
maternal and fetal survival. Am J Obstet Gynecol 1993; 168:
1810-13.

73 Ribroek A, Van Dick HA, Roex AJM. Rupture of renal
artery aneurysm during pregnancy. Eur J Vasc Surg 1994; 8:
375-6.

74 Hupp T, Allenberg JR, Post K, Roeren T, Meier M, Clorius
JH. Renal artery aneurysm: surgical indication and results.
Eur J Vasc Surg 1992; 6: 477-86.

75 Martin RS III, Meacham PW, Dietesheim GA, Mulherin JL
Jr, Edwards WH. Renal artery aneurysms: selective
treatment for hypertension and prevention of rupture. J
Vasc Surg 1989; 9: 26-34.

76 Dayton B, Helgerson RB, Sollinger HW, Acher CW.
Ruptured renal artery aneurysm in a pregnant uninephric
patient: successful ex vivo repair and autotransplantation.
Surgery 1990; 107: 708-11.

77 Whiteley MS, Katoch R, Kennedy RH, Bidgood KA, Baird
RN. Ruptured renal artery aneurysm in the first trimester of
pregnancy. Eur J Vasc Surg 1994; 8: 238-9.

78 Taylor JL, Woodward DA. Splenic conservation and the
management of splenic artery aneurysm. Ann R Coll Surg
Engl 1987; 69: 179-80.

79 Baker KS, Tisnado J, Cho SR, Beachley MC. Splanchnic
artery aneurysms and pseudoaneurysms: transcatheter
embolisation. Radiology 1987; 163: 135-59.

80 McDermott VG, Shlansky-Goldberg R, Cope P. Endovas-
cular management of splenic artery aneurysms and pseudo-
aneurysms. Cardiovasc Intervent Radiol 1994; 17: 179-84.

81 Reidy JF, Rowe PH, Ellis FG. Splenic artery aneurysm
embolisation-the preferred technique to surgery. Clin
Radiol 1990; 41: 281-2.

82 Shaw JF. Hepatic artery aneurysms. BrJ Hosp Med 1982; 28:
404-9.

83 Novick AC. Management of renovascular disease. A surgical
perspective. Circulation 1991; 83: 1167-71.

84 Haddad M, Barral X, Boissier C, Builloc X, Beraud AM.
Extracorporeal repair of renal artery branch lesions. Eur 7
Vasc Surg 1989; 3: 435-41.

85 Bui BT, Oliva VL, Leclerc G et al. Renal artery aneurysm.
Treatment by percutaneous placement of a graft stent.
Radiology 1995; 195: 181-2.

Received 10 January 1996


